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(54) TRIANGULAR WAVE OSCILLATION CIRCUIT 

(57)Abstract: 

PURPOSE: To enable a stable synchronous operation without 
difference in time to reach a waveheight value by matching the 
waveheight values of respective triangular wave generating circuits 
when synchronously operating plural triangular wave generating 
circuits for supplying oscillated signals to a DC-DC converter. 
CONSTITUTION: Concerning the triangular wave oscillation circuit 
with which plural triangular wave generating circuits are parallelly 
connected and synchronously operated, triangular wave outputs 6a 
of triangular wave generating circuits I, II... are respectively 
connected and outputs 6b of reference voltages are respectively 
connected as well. Thus, the reference voltages of triangular wave 
generating circuits and made constant, the oscillation timing of a 
triangular wave signal is constant among the respective triangular 
wave generating circuits, and the stable triangular wave oscillated 
output is provided. 
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(57) [|?#*J] 

[gift] ^IPJttDC-DC^^-^C^gfl-^* 

u/cisisg&ie^Hjt&i-r & *>©r*4. 

IS I. II, • • • ©=ft?S[ffi^j6 alfflJ&^ti-e^SStt 
CifCfcO. =*«|8£iaB©»|«E*— j££ U # 
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1 

HISS 4 . SS*S«BEI9:^|51g8-CgK£ L tc 2 fioSitffiE 

j&vim&jjms&m-r 2 ©ha^use^© 4 . 

near 2 ©=*^£*«©»*«EEi»eia!s©tt«j 4 10 
&mmL> mam 1 ©=#?£Sfc£#i8©i:bi3tti;*jiHi8g© 

4*«ttT*Stt*«4. 

£*r-r ■& c 4 4 r &=fttt?&SB8. 

[it#g[2] fteSWIEEBUEllBU:. «»©«a* 

snre 2 <H©gffiiiEE£ aa^r 3 c 4 4 r sis* 

[W*13] ffT£*l . S2©H«M4#g«, fir 
seSjgmEEiaSlElS§-Cg^L/c2iii©Smm)I ; &^0^ 20 

*ratfrr-ssmsiBfl<5gs;L@s&4. jz&m+zfitii 
ss 4 . eoteswiaB-cfSBR-r 4 Jt««BE 4 in a 2 <s©s 

»*EE©**i*lnfcJt«U s£2<B©aig1II£©mixffi 

t*tm.t-?z,m>m 1 lats^^ftis^isiHiss. 
[IM094] fiffagsgmffiaSBSStt. 'J>n<xi>z 

<i©«Si ; &ig?U&Ml<. KJSirt©mK.#>efflfa2«l© 

a»«E*atfjT.5igK*«u -en-en©sjg»ai«: 
jew o ft^iEiKjeiiwr* c tz'mLtrzmmz ia 

tS©H£»#aglsliiS„ 

ffi^BSS-C 2 fiS©SJesSH4J±g?^JI«rJ±© LfcfefHK: 
*-3t»-C«J 0 ^X-MS^tf 5 C 4 £#li4 -T 519*^ 3 

Ci»3jaS6] S(rsetbe?m^i[siigtimias*iSJE©-^ 

^*Jt«EI»«caWjL. «BBifc«WEE**«!I»)lftit6h 40 
fcffi3:fr©SigSJ£«fc *3 i£T L/cB#. SSStSSlIW rj & 
x.BSS'&W^&x.. ftria-^©SSg^EE?rJ±l$aj^[E!SES 
tcmt>f 2> C 4 « 4 -r 4»*g| 3 iatS©=S?£#SS§ 
HIS. 

4tbSSli ; S:J:bf5U. flnEJtt8*JEtfSWttE&M*.ft: 
J*?£«Jx #W 9 &x. 6 n/cffi^©^SSEE«fc OffiTb/c 
seJS©Hft?S^JlleISS. 50 
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[it >ms ) m?emmnESim\3ffi<Diiit>ici,xg&m 

W8»#tiTH4ci*«lir« M** 1 iai£©H 
a&saSBSg. 

[*5S©»«Kett9M 

[0 00 1] 

tffifflTSDC-DC^^-iUCKO, #DC-DC 
[0 00 2 ] 

[SE5fc©ftfi5] ^-VW3>fa-^7-F7"Ot 

7tf®STaSKtt. DC- DCa^-*. mm® 

w#. & < ©s^m3g*i icf 7 ^sso«»-ofl*ii* 
*rci»s. c©*t\ dc-dc=i «±ia*T- 

PWM (<rOU*« 

[0 00 3] S/c. «T@KF*g{C{J1S»©DC-DC=i 

^ma-raws-. mzsvmmm^z&mL. §mmm& 

ittSA. jima^t©=ft2^S[lg§5:rsJSI!jlfeU. ffi 
«®DC-DC3>;<-JK=ft -m^Mm^ §«jgLt 

[0 004] «TK7STIalK«»«[©*asBK*l§l*ia 

*. c©^snss^ass:isiwaigt-4J#^. i^ia©s«s 
j*. ba. • • • ©*a*«f cne.um* 

A. SSiS.^B. • • -©Sl*-C*5) ©HftiSm^jgP 

WT. H 7 4C7ST^tileISS©(nlK«i^?r3iHJ 

5fe-rF.#.©«fir^A*©S{4cfc "D i£C>B$. h ^ 

Q4©^-^«:«-^-^SVjg*i8£n. h7 
>i?X5rQ45r*>U (ft. h 5>i^^d?Q7 fe*>t? 
*■£) . B*©*filL=&Vcc-VBE ( h7>^$Q4© 
xs y*|B«a) 4U CMl©»ffl*Vcc-i 
1 • R 6 — V BE ( h 7>v ; X$Q7©'<-X- X 5 y $ 
H«EE) 4T-5. L,fc#-?T. C*©*ffi»B*©«fit 
<fc9i< (Vc <V8) . h?>y^*Q2*i*>l/ 
(ft. h7>^XifQ . ffimW& ( i 3 - i 

>ifcf ©3t**ra^-r5^.r«. ±M©m«:vc < 



» 
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i 2 tt * • J£5iR3 — h7>^j?Q5 • • £S£ 
ft, A*<0«{ft« (Vcc-VBE- i 2 - R3) ifti. 
[0 0 0 5 ]-^ 3>f r >ifCf ^©5f£*^ittfi. 
Fj^Om^itfe^tCUPO, Jb*OAj*M>«ffi (Vcc- 
VBE-i2 ■ R3) £Mx.£<b, ±jfct&mz b 5>2^ 

<t, C*O«{4WB*©«fil[J:0*<<c0 (Vc >V 
B) % h7>^^Q2^t7L b7>i?X$Q 

fc, n>-r>ifCf #Jt«€:HterS^OA*(D«ffi 
\%. h7>i/^^Q5W7, h 7>^X^Q6^t> 
t*SCi*6, «SKi 2 « • • SHR 3— ►SSiR 4 * 
♦ *8Sft. U^tffiKR 1 CC««8K i l #86*1* C 
(Vcc- i l- R 1 -VBE- i 2 • (R3 + R 
4) ) <fcftS. 

[0 0 0 6 ]— 77. 3>f = >1f Cf ^^IS^il, 
F^tSfi3[^A«^(DSfilrJ:D<S< tz2>t s b?>ZsXZ 
Q3iQ8W>, ^^^SKSIS-r*. L/c^ot, 

±Mcomm^m v jit c £ j: o , f j&omttttffitttt 

(Vcc- VBE- 12 • R3) £<S«ffi (Vcc- il ■ R 
1 -VBE- i 2 - (R3+R4) ) *H0 JKTH«ftfl| 
F*>6>ffl^*Kt)'tH-rc<i:tcJ:D, Hftife 

[0 00 7]^ ±ifi©««C»fllHK*s=||ttit4»*ffl 

iSffli(UD-C$>i3, ^S^Oftfe<7)|%SigS8<DF^CD»ffl[ 
bTSmtiL (Vcc- VBE- i 2 • R3) <h{&^{4 (V ce- 
il • R 1 — V BE— i 2 - (R3+R4) ) *«0iET 

(a)— 0 8«^*o^Mlpis§cr)ffeco^Jr$>^o 

». C©«(0W^feA^Oa*tt«BHKO»»«E 
(»;7rU>^lE) F*<Dta^J«*@K(3[)= 

©fife©«»HB<3DF^JCJSittSftri^. 
C0 00 8 ] tTF> COBI»OiaK»ff*lB*K:tt?8r 

5fe"i\ Fj*0«{ft^A*(7>*ffl J: Office 
>^^Q1 l^t>l 4 h7>^^Q12^t7 
L/, h7>^^Q13, Q14^t>-C*5« l>fc# 
•?"C\ C*<D»<attB-S<O*tfl[J:0i»<a:f3 (Vc >v 
B ) , -c-x^ftil-C^)5 h7>^^Ql 8-Q2 0 
#*>£&r>. I^D<^-X#^irc*£ b ^ZsVXZ 
Q 1 5-Q niit^ittO. F7>^^Q2 ltt*' 
>U h7>^5fQ2 2«*7TS. Utcifi^X. b 
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« h7>v^^Q2 l *^>urflKft€>mst i i ccj:^r 

Ql 5*it7^0, *g£iR 1 4 KWfcttSfcftr* ffiia 
R 1 3(,CffitL&mm i 5 CC<fc£»ffl$T#A:#r**. 
l/^ot, A*(D«fifctt (Vcc- i5 • R 1 3 ) tte 

[0 0 0 9 ]-*, 3>f>fCf ^CDTt^ittfi, 
F&<Dmmt&*l,C±RL* ±m<DA*<D&{iL (Vcc- 
i5 - R13) l:Sx.l><h, h7>^*#Q 1 2#:*> 
10 U h7>^j?Ql l^t7t^ CCDflfC, 
isXZQl liQ12(D^> v * 7 jWWET £ <t * 
©ttff»ffita!(gL. h7>^X^rQ13^>l (h 
7>^^Q14«t7) % C*<3[)*fl[»B*©afl[J: 
0<B<*9 (Vc <VB ) % h7>^^Ql 8-Q2 
0&*y. h7>vX^Q15-Q17W>i^^ 
h7>^^Q2 1^t7 4 h7>^X^Q22^t> 
T<5 0 Uc^ot, ^>f r >-^Cf ^\(7)lHOfl^ 

*/c, 3>f>fCf ^fifc*^|g*S*r^B#OAi^CD 
20 mm*. h7>^XjrQ15^t>r^C(!:^^ IS 
StR 1 3 cc«:mi?l£ i 4 £ i 5 jWiftft, JSSxR 1 4&cte:ll 
Si4«n^Ci^6, (Vcc-Rl3- ( i 4 + i 5 
) -Ri4- i 4 ) 

[00 10] L/d^tHi, 3>-r>itCf jfrSWifr 

7>yX^Ql liQ12©t>. t7^BgS«U t 

(Vcc- i 5 • Rl3) ti&m{iL ( Vcc — Rl3 • ( i 4 + 
i 5 ) -Rl4- i 4 ) *J*9Jg-r. fir, Wx.«F^ 

£jg 0 JIT i££|%iiT 5 o 

[ooin c<D®m<Dm<sic>b±j&tmm* f&«mss 

(Vcc- is • R3) ( Vcc — Rl3 • ( i4 + 

i 5 ) -Ri4- i4 ) 9 ^TH&i&ff 5* 
[0012] 

is^s&jfr 6 is^a (vec-v 

BE- i 2 • R3 ) iffiUtt (Vcc- i 1 - R 1 — V BE— 
12 • (R3 + R4) ) £&9iIT=£&M^r*>9, 

«fit<Dffl«:«h'7>^X^Q4<DVBEffl, «86ii, i 

so $/c, i i , x« i 2 ©w«ffl#£{t-r*itt. 



C4) 

5 

cnttio-Cfc&StR 1 . R3. R4 5C<i:&^EF.rF# 
[00l3]$te. ±m<0 (a) ©3&H5]ggcc^>t,»-c 

fe. ias@B3ft>i&aj*r-5Hftift«#©iSjBffltt (v cc 

-i5- Rl3) £ (Vcc-Rl3 • ( i 4 + i 5 ) -Rl4 
•i4)"C^) 1 ?. (-^^^©VBEfitW^gft&t,* 
«3£ i 4 . X« i 5 ©Sffifll*sjglSfi(C#sn. 

[ooi4] &wm95-e£.c2>±&<Dm&m<og.mzm 10 

SBH»«c»5c0. «»©«ilia»0JBJtl!*l^tl!3*-C 

ff s nr t> s -©fstgnssa* e> thft-r 2>=n<&m 

[0015] i9BC©S^^t^5. Fflxii, 

[0016] xmmt. c >? Ltcmffitcmfrftztitcb 

^ft^ft©=ftj^£@&©fc«ffia*— at,. $mmic 
m? z&ra temp* < . o temmmm t?z> 

[0017] 

C3H*fl?&-r *&&©*&] *^{c<tn«±gssia 30 

S*S-J5EE©-£ft-ett £ JtR bK 2 ttOSWKEEdHIIEfB 

-rsisr 1 ©=»»«^#ai. stm 1 ©=ft?ggs£^& 

iHHi«C!>^«ffiH3eilBacXtt«lH*@l8*W-r 
■SSI 2 ©=£}&#!£#!&£ . OTB» 1 ©=fc&ffe£^K 
©amWEKeBKOttWJ i SifiBSf? 2 
©£2gmEEa^BiS©tto>J<!: ; £&;&U BJiaSfl 1 ©Hft 
^*^S©It®tii^3llISS©ffi^4 Bt(S2^ 2 ©=fti£#fe 40 

=rr 4 =*888SHtt*»0W 4 C i (c «t <3 HWfeT* 

4. 

[0018] *©RS. fjf2»iiS«EI95E[sI88W. 
JS©S&**> 61312 2 <i©SmSE€:Ud^r 

*> 3 mv&tKzmjmML . ^SK©g^*>6Msa2 
n©sig*E£!itfj-r-2>iHi3§£WL. -en-eft©*** 
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[0019] g fc. Hute^ 1 . » 2 ©H&j£#fe£#K 
«. B5l2g**EEt&e0Brig^U/c2ffi©tb^S** 

52 2ffi©s*gmiBD-eft-e#vfrtM&u f£2<s©s** 

E©*EEffi£&iSffi<fcT-5=««£irirf2^*^-?©W^ 

[002 0 ] *fc. ±i2Sig*ff^9J£x.[sIS§«, ±12 
2 ffi©gig*a£it«*II*tt:KLfc*&ilKS^c»T$J 
OftiifcHlfcfTSfcfiSiU ^x.tf#tt©3£t,t<> l*t© 

h 7 >-^^ * <fc o s£iMtt@B-rfltesr 
[ 0 0 2 1 ] ffl. ft£Jt»tB£SBSt2. 0J*.tf#tt©* 
LC»1»© h5>J?x*-C«fiSl/AdMWfc«»J:«3fiR 
0. —#© h 5 >yx £©-<-;* {cS*£mEE£Gfc£0, 
ffe£©h7>yx*CCjtS&*E*tti£-r£. *Ai. ^EfiSt 
*[H8§&. Wx.«1$14©^Ll^ lSt© h7>-^jit* 
fiSt,/cMlfe|5IS8<i: f 3J?S;£ < , 

[0022 ] $ fcCC^ttttJJCtt. B5l2tfcSJiiJ^lsIS§*5Bij 
I2S3SSE©— -fib. Jt®*EE«:J:M& t,. mil2tbS$*I£# 

©*HE**ftJ «5 &x 6 ftfctezfr©!!**!! J: *) <£T L/fc 

[0 02 3 ] Sfc. ful2tt^tli^[Hl8S»mil2S^^BE© 
-^itfcSSEE^tbSJL. B?fBi:b®«EE*— ^r©^t6« 

m L> . 8M5£tbl3?SEE^^) «3 ^x. h n/cffe^©S«S]I «fc 

[0024] $ 6«c. SrfBSm«E19:5Els]B©tB^«:tt 

[0025] 

U?m] *^{*1S[»!©=ftift^Sfe@iS*i^»!iI3E-r5> 
4>©-c* 5 . &Z.&?£#££|5]S§fc:fa:W P,layc 2 ffi©S!SI 

m&*E.mi&ifi\&t)-t z> = A?s(i#©iS£i«fii*— sc § s 

B#H^©^^=ft^Mffi* ; S:#afe©-C*i>. L/fc*« 

«fiS L X h £M Ltc^mS^i \atrc * 4 4> ©r* 4 . 
[0 0 2 6 ] */c. 2 «1©»*«BE* 

3£scc«cisffl<b-r-5 4>©-c*o. ±5e^g«a«ay'Jig 

ta©ffiKffi©*T?taS-C#. h^>^X^©VBEffi^« 

©ai«cs3£U3fc^im^*?f^<fc*«c. *ss©at,»H^ 
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[0 0 2 7 ] g/c, &=n&§t^&(DE.m&m j ^<Dft 

fcHBtcawju MneumE^«v«E (hsuee) * 

««BE(fi«QE) *Jt«ffl*HK«ca^u. SSCC, fu 
x.. -77^SitmiE (ICKE) £tb«U«7HBlctttt>T 

[0028] s &«c 4 Busa»»*ffiia3Ei5iKcDai^«:g 

lH*3WiE*«:fTjLtt<a*Ci*|»±'r**, ±IS=3> 
*»[BB©l5«B»E*fT3 c 4 #r *■ 

[0 0 2 9 ] 

CcSi^-r-Bo a 1 tt— IGKM<D=Att9UilElEKcDiaRia 20 

BI, II. • • • ©=ftagtttfj»6 a*2t,>CCjgiBfcU 

c©S»«, «*tt=»««4liH i > ii. • • 

ttic^? 7TB<OB«r*4. 30 
[0 0 3 0] is l *cm-r=fti8S£0i» i , n, • • • 
fcfc, Jb»0«^IBlJiaB«fltr*D. ^ot«Ttit 

race, =ft«»fi£iiiBi tt4^a7 ^r«scsti 

^EE18:SSi5 2, y?r u>*»EE$J 

[0 0 3 1 ] =ftttttiaiH*» 1 VcdC 
3£^£ft/c3i!Oh7>^**Q3 1 -Q3 3<Dit#||5] 
384. Stnfl0«lA>2fl<D&ffiR3 K R32, M 40 
m&<DmLl<>2tt(Dh^lsisZZQ3 4- Q35. Q3 
6- Q3 7 J:0*««lUt«HWr«l«snri»6. 

^Q4 0tef£a*T5 h7>vX^Q4 1-Q44i* 
CC. NPNMh7>^*£cfc9J#£#U> h 

[0 0 3 2] S/c, h7>^X^Q3 1— Q3 3 OiKFU 
HBom»lllUtnBIR (SSiR 3 1, R 3 2 <D- 
«) *C*«*U «»Vcc*6«[tt«Ri 3 50 
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*Q3 1 -Q3 3*^LTamt«®Bte«teS*i£fl* 
j£r&£ 0 Sffc, h^>^^^Q340O^-"^CC«U^ 

ft, h7>yX^Q3 5CD^-XSffli(Dtt¥5CC<K^$ 

*/c, f&arr*«fc % h7>^^Q3 5^- 
*tcttHiiai»£0B i rfgi^*=ft»wHAsn 

5. KIT, h7>^^Q3 

£ giiPei n > f s > v 7t mas 4^6 xmsKa^fittft <* n £ . 

[0 0 3 3 ] 1/ Vr U>^«BERS8B2«, 'J7 7 U> 
^«EE*f^JES"r S 3 jl<D&£iR 33-R35 (OflS^JIsI 
B« S^COa^JiaB-CfPSESn/cy^r U>^«BE* 

5-Q46, Q4 7- Q4 8"C»ntl^ n */c, 
h^>>=X^Q4 4, Mh7>^^Q50fe'j7 7 
U>^*E«5ea2<0-HB*«R8TS. h7>^ 
^Q4 4«Jha£©NPNS h^>^5r«J:0fl£5*U> 
h 5^Ha!B<0— fflWfc*. £/c, h7>^^Q5 0 
f6©h7>^^Q5 l-Q54i»cPNP^h 
7>^^j:D^^L/>h$7 -HBfcfll/a-r So 

[003 4] 3 fflOffiffiR 33-R35 <Om3Mm%, 
«BVcc4igtt (GND) HfCftaSti. tHftR 3 3 4 
R 3 4©««*. RO'fifctR 34iR35 <Dfflti&iC V 
77b^«E*«S (KS) lT£ 0 &taR3 
3iR3 4<30««L*«:tt 

[003 5 ] 

[»1 ] 

R 3 4 + R 3 5 

• Vcc 

R33+ R 34+ R 35 

[0 0 3 6 ] ©«|£##8£U ffilaR 3 4 4 R 3 5 <D@c 

[0037] 
[»2] 

R 3 5 

• Vcc 

R33 + R34 + R35 

[0 03 8 ] OME^tS. ±5&<Dt&tKR 3 3 4 R 
3 4 O^iKc&oSEEfflBSKR 3 4 4 R 3 5 4>SttjA4) 

JSJSR3 3 4R3 4<D^t«SOmfflifi%VH r^U, ffi 
SxR 3 4 4 R 3 5 ©««*<D»Effl*J^TV L r^To 
±iEcomiiVH » h 7>^^Q4 5<0-^-^CCEPfln$ 
h7>^^Q45, Q4 6^^>CDB$ % 'J7rb 
>^«E«J0»^W3OD*tCffl*Sn*. ±3! 
<Z>mffiV L« h 7 >5^^ ^ Q 4 7 <D^c - ^ tCEnfln S 4i % 
h5>t?^^Q4 7, Q4 8^*><OB*, ±ifi4HI«, 
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[0 0 3 9 ] y7TU>^«BE«J0»xSP3tt, ltt<D 
h7>^X^Q55, Q5 6, RZ/m^(Db^>iy^di 
Q43, Q5 4-C«J5£S*iTl*5. 'J7 7 l/>^E§] 
0^x95 3 ttfua<OA*CC£PJ0T5 'J 7 r U>*^IE£ 
^9£x£[p]5Sr£>rK F7>^^Q55, Q56© 

5 6*t>. t^u, jbacDD^JcEniinstisvH . x 

ttVL ©«BE*Aj£tcffi;*rr*. ft, h7>^^Q5 
SO^-XA^^C.^O, h7>^X^Q56©^ 10 

Q3 7CDX5 **«EE#EPflD3;ftS. 
[0 04 0] 3>7=>1^S»4ttl#©h5>^;** 
Q57, Q58, Sa f miiSOh7>^X^Q4 2, Q5 

Q5 7^7t^»I F7>^^Q5 3mt 
E*tcA;&TS«« i l £iiui£<Da>ir>-?Cf tctfe£ 20 
-T£ 0 h7>^d?Q57^-XA^ttB ' *t 

*/c. B ' jft«:WLh»<!:H«L h7>^X^Q3 6<Dx 
5 v *«E#EPfln3*i. C*(CBh7>^dfQ3 7© 

x$ 7 ^«ff^enjn$n-5. 

CO 0 4 1 ] 5»«lil«:SO. «HVcctC«27# 
«*&Sti/cBR (*ei^<D;W 7^#*>U ^mVcdrC 

X^Q50-Q54^^>f^o HRf(Ch7>^ 30 

X* 5 2 #*>-f£C<!:K:j: 9, h7>W^Q4 10 
NPNih7>^^J:D^ 
^7U>h = -7-lilSScD F7>^X^Q3 8-Q44?:t 

^>v>X*Q3 8— Q4 4, S^h7>^X^Q50- 
Q5 4**>«««:||H*T4. 

[0 0 4 2] Htf?6 a« = ft«*»ffi**l*9lH 

tttfjStt*. cn^cDtt5^6a, 6 b ^mf^cDSIk:. fife 40 
©=*?W^I§IBII»©1H2J6 a. 6 b <k««3ftT(,» 

[0043] ja±<o*»ssoHftiS«fiiaiB«c*$c>r. tt 

@8S (HI) tcafflVcc*««JS§nSi, HJT&^Ie] 

» i , ii. • • • (D&^ffi (B2) comisvcctc^mtm 
**«»3n. SHftig^HK i . ii. • • 

2&<b^Clg#rr£CDT\ h7>^^Q3 8-Q44, 50 
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MQ50-Q54^rt>1*^ e CCD^. h-*>£? 
X^Q3 4^-XAK**^ A*CCtt % h7>i/X^ 
Q5 4^D**^UrBf3E«EE*«a«IDStl« (ft, CO 

g«e«E«aarsa«:«EEVH . -7?. mm 

< 4 h7>^X^Q34^>^ h 7>i>X^Q3 5 

cc^-^«fe^e»&snsA. h7>yx^Q3i-Q 

3 3<Ofi5»JIUB«:«SS i 3 3&iS6ti. h7>^^Q3 6 

[0 044] 
[^3 ] 

VcC- 3 VBE-R3. * I 3 - V BE 

[o 04 5 ] cesser s (», ±a<oa;tc7sr-3VBE 

«h7>^X^Q3 l-Q3 3(cj:^SIP?T^ 

-VBE«h^>v ; x^Q3 efciawiBT^t?* 

&) . — JJ, C^lf4^h7>y^^Q3 7(Dx? 5 
^SEET?*** 1 , CO«FSfiiR3 2CCWKa3&i»tittC* 
Ci7^6 h7>^X^Q3 1-Q3 3 ©*BERT$5\ & 
0*h7>^X^Q37 <Mtffl»T4W>**#*rtitf «fc 

<. cja<z>«tttt 

[0 046] 
Hfc4] 

VcC" 3 V be V b E 

[0 04 7] btah. Lfttfi^X. mm&f, Cjfi<D«ffi 

353TW: h7>yxirQ5 5#*>L< <h^>2/*$rQ 
56«t7) , DjS«Cfla»S*l*«E*AjS©y7r U 
>*WE<tOT«*&T4. C©B»D*«:«»Sti 

£C<t:fr>6. h7>^^Q4 60x=^ai^iS< 
^c0h7>^X^Q46^>L h7>^3fQ 

r, AjAtCttfHEVH ifi&jlZtiZ. 
[004 8 ] f/c, 3>-r>1f7t«§|5 4tc*5^ > r*>. C 
B iOKOCi^6h7>i/X^Q 
5 8(D^t>0 4 F7>^^Q5 7«t7t*^„ 

Sfeiltt. F7>^X^Q57^t7r*5Ci^6E 

-5, U/cJii^r, ti^F^OSSa^n^T^^I^Cf <D7t 

Q3 5<D^-ZMi>Li>±MTZ>o f£k C(0h7>^^ 

[0 04 9]— 7?, h7>^X^Q3 4<D"<-*SJ£ 
(A.£©*EE) ttSr»©«(c*EVHr&*K &*teJb 
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[0 0 5 0 ] -£<Df£, F^©Sffi)&SA*<D«ffl[*ax.-5 
i % J«ai<b«a!CC, h7>yX^Q3 5^t7^6t> 

9&fc>£. CCD^, h7>y^^Q3 6&*VU. Q3 

Bjft<D«tt«. 

[0 0 5 1 ] 
[tt5] 

Vcc- 3 V 8E - V BE 

[0 0 5 2 ] <b&9 , CjSCMMfctt, 

[0 0 5 3 ] 

[«6] 

Vcc- 3 V BE -R 3Z * I 3 V BE 

[0 0 5 4] Istcifi^X. ^ffiZB£L<D^{iL& 

Cj£<D*ttJ:9iK< y^r U>*3EK09»*.BP 

3rtth7>^^Q56^t>U ( h7>^^Q5 

8. Q4 7 4t>L/t D^«C 'J 7 r 1/>^*EVL SB 

5 7W>1-^Ci^6 (h7>^X^Q58«t 
7) % n>7 r >it7t^a54^ol:^rr2>f i >-tfCf {C3t 
1$ tl/cf E ( ^ h 7 >v X ^ Q 5 7 £?>L>TjS&m 
U FjS<D«{a««*te{£TT£. 
[0 0 5 5 ] *<D8L FjS©*ffi^Ajft©«ffi ( »; 7 r 
U>X*IEVl ) JrOffiT-r-Si. h7>^^Q34 
±Q3 5CD*>, *7#iaMEU WfltBjS<D«ffl[<!:Cjft 

>y^^Q5 5iQ5 6, n>7 r >1^7t^iaS4CD 
^^Q57iQ58©tX *7*2!tEU A&<DV 

jS01tt#'j7r U>*«EVl ?:SiSiMF7> 
^X*Q3 4> Q3 5<D«M&*«J98W.S. fitft. Jbifi 
©fc«*il9aTCiCCj:9 1 Fjft«CS>|*«Mfe3 

[0 0 5 6 ] H3ttai;fc6 a*6ffl*S<aa=ft«*^ 

H77 u>^*E«.#j»r7R-r. -r**>i&, fjS 
jjw a * 4 . 

[0 0 5 7 ] C<OW©=fti6<DJB*fiI[<Oi6l»fl[V 

[0 0 5 8 ] 
[»7] 
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R 3 4 + R 3 5 

• Vcc 

R 33 + R 3< + R 33 

[0 05 9 ] <B«flfc©«KffiV l » 
[0 06 0] 
[lit 8] 

R 3 5 

• Vcc 

R33 + R 34 + R35 

10 [0 0 6 1 ] -c&£ 0 —77, ftkcD=ft^a£|oi3§ii^r 
vh ti&m&vi *j(aMi&r«=i»«fli#tui*-r 

CC*i*i 1 , i 2 , *<3Wt«©*3l»«d*r, h 
[0 0 6 2 ] Lfatf-sT, &=#«?6£IhI» I . XL ' 
«^I3K K II, • • • <D=ft&ffi;bSB6 a. 

H4(C7R-rio<, Hft&^m&s i 
30 <oawffl*VHi % vaib, =n?ffi»*[HiKn©*sssfii 
*VHn , vlii trzm. mn&<Dmxiz=ftm£& 
Mm 1 <D&mm&* vmK&tzffiteE.A&&&mi&xi 

£@gSiia*i£iSffi V lii {cai-rssffcc, =fti£#fc£le]gS 
*>jp<WD»t>4*»«EE (VHIL VQ) CCHfflOT 

40 [0 06 3] #^OHAifi»»SKOfb(^>k 

ft^l%MIslS§^Cr2>7 =r >-^Cref ^Sil«t^ 
or, H2«:7R-riaB (SR-^) iHIClslBS <3R^-) cctt 

HA'^*[pIS§ I ' , EE * • • • CDtti^6 a \ 6b' 
50 ttEl>fcSa*3*vClr>S. 
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[0 0 6 4 ] ±i^CDn>f r >1fCref tt, "J :7 r 

0^^35 3 CDffi^r$>^) Dj£ (A*) (GN 

d) nccss»snrc^. 

[0 06 5] ±a©fil«:=2>f !r >1fCref *D.£ (A 
j£0 <b}gifc (GND) PacciSR-r^CtCCj:^. ££6 

U^iEfltK:ffiLft<tt-5Ci«r|»±r*S. . 
[0 06 6 ]^ i6 «±SB2 o©^QSW<D=ftiS^S 
lllS<Dai^*W^SDC-DC=i>^-^(D^»«SE 10 

[006 7]5fef, =ft«#6MEB8*>6ffl;fti*n£H 

fcB2j£n<5 0 S/c, 3>Au-jrg©+A* (SKA 

««EE#«*&3*rC^£. C(DS?HmEE«DC-DCi3 
>M-ir©lH*«EVou t*aaSRl. R2t»SL 

8M-*C<hK:j:'K DC-DC=i>^-*©ffi**ffcK: 

[0 0 6 8 ] «»ciS>7^iaBl 1», =i>^U-*9 
-/ - ^fs-^-rab^V f bfc«fctf««tftailBlBl 2 
&cS£-?Tp -MOS h^>5xX£ 1 3, Mn-MOS 30 
[0 0 6 9 ] IgftlPlSS 1 5 tt, M«IO^* *[eJB 1 1 

/*7«Mitt4J:9«:|g»'r*. C(D<i: #ffl;fr 
2o<D|gibfi#«, Bfi2o©MOSh7>^^l 
3, 1 4^raW©*>tWitt6ft^J:9«:. WWaB 
1 SACCK^eti^f 9 ? F*-f A@BtcJ:-3"CSt*«:3f 
S03BS##X.6tiri»&. tit. P-MOSh7> 
5x** 1 3, Mn-MOS h^>i/X£ 1 4«. IBtb 40 

/ mB i s^eai^^n^igftm-^cccfc^-cigttu, 

t>/t7TO^^r3^;^fc^&S$n6« ccd 
3^^iSii7>7M^Utfc^ ¥»0B16<D— 
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rS^U/cffi^mJEV outi l/ttH^S? 1 7 
[0 0 7 0 ] ±a>CD^i«:OrtB*?n-5DC-DCr2> 

[0 0 7 1 ] 

a»©=ft«^0B*rawiiE-r*iB. 
[0072] =«eturffl*-r*fli#a«as» 

MBBCC J: o r $ n/cfSSS^ 2 fflcDS^mEE^cS 

SHE O TLB JWHEfctf 5Ci*Jt?*5. 
[0 07 3 ] Se>«C. SM^T^^T^CiCcJ:^. 

[HI] — jQfi«(D=ft««fi|5iB©^f*@BH*r* 

[B2] -^«©HftitoSS@B*«lSrS = ft«3S 
^[HBOloiB0"C^4o 

[S3] — llfig^OHft&^SlHlBOIsiBttff^iftB^-r 

[B4] — ia»«©=ft««»0»oiMt*»9Brsia 
[me] dc-dc=i>^-^cdihib0-c*4c 

[07] |^«fl(D=«^^B®[gBiar*S. 
[08] ee*^OHft«^3t[ElBOlElBH-C^4 0 
[09] fi^F9C0Hft '^SglHlBO f^fA^t- h"C* 

1 =nm&m 

2 U7r U>X«ma3ESB 

3 'J7r U>XWEW ■}**■» 

4 3>-r>-^«« 

5 

6a, 6b, 7 ttS^J 
Q31-Q56 h"7>^X£ 
Cref 3 >7 = >1f 



(9) 
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Vcc 
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(10) 
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[me] 
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